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(57) ABSTRACT

An 1nk jet recording head comprises a discharge port for
discharging 1k, two electrothermal converting elements for
ogenerating thermal energy utilized for discharging the ink,
and an 1nk flow path provided with the two electrothermal
converting elements, at the same time, being conductively
connected with the discharge port, and this head has a first
discharge mode for discharging liquid droplets from the
discharge port when the electrothermal converting element
on the side nearer to the discharge port, of the two electro-
thermal converting elements, receives driving signals to
ogenerate the thermal energy, and also, a second discharge
mode for discharging liquid droplets from the discharge port
in the larger discharge amount than that of the first mode
when both of the two electrothermal converting elements
receive driving signals to generate the thermal energy. Then,
of the two electrothermal converting elements, the length of
the electrothermal converting element on the side farther
away from the discharge port 1n the 1nk discharge direction
1s made shorter than that of the other electrothermal con-
verting clement. With the ink jet recording head thus
structured, 1t 1s possible to perform higher speed printing in
higher 1mage quality and higher gradation.

9 Claims, 10 Drawing Sheets
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FIG. 3A
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INK JET RECORDING HEAD AND AN INK
JET RECORDING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ink jet recording
apparatus. More particularly, the invention relates to an 1nk
jet recording apparatus of the on-demand type where char-
acters and 1images are recorded by discharging ink only when
recording 1s needed. Also, the present invention 1s not only
applicable to the printing on paper sheets used 1n the office,
but also, applicable to the industrial apparatus that records
on all the media serving as ink supporting elements that
accept the provision of ink, such as cloths, threads, sheets,
among some others.

2. Related Background Art

The 1nk jet recording method, 1n which recording 1s made
by discharging a desired liquid by means of bubbles created
by the application of thermal energy that acts upon the liquid
has excellent advantages that by use of a smaller apparatus,
high resolution 1mages can be recorded in colors at high
speeds with a lesser amount of noises. Therefore, 1n recent
years, the 1k jet recording method has been widely utilized
for a printer, a copying machine, a facsimile equipment, and
many other office equipment. Further, this method has begun
to be used for a textile printing system and other systems for
the 1ndustrial use.

Along with the wider utilization of the ink jet recording
technologies and techniques for the products in many fields,
there are more demands in the provision of higher gradation,
and higher image quality as well.

As one of the methods to materialize the higher gradation
and higher 1mage quality, there 1s a dither method and other
pseudo multi-value recording methods. The recording head
that adopts any one of these methods has a high nozzle
density with a smaller volume of each droplet so as to form
an 1mage with more numbers of dots. However, with such
method, the discharge frequency of droplets per recording
sheet should be increased. As a result, the life of head
becomes shorter. Also, with the higher density of nozzle of
the recording head, there 1s a problem, among some others,
that the costs of head manufacture are increased accordingly.

Now, therefore, there has been proposed a structure in
which two or more electrothermal converting elements are
provided for one nozzle each as disclosed in the specifica-
tions of Japanese Patent Laid-Open Application No.
55-132259, and Japanese Patent Laid-Open Application No.
08-33272°7. More specifically, with the two electrothermal
converting elements arranged for one nozzle, two of them
are driven at a time to obtain a droplet having a larger
discharge amount (a large droplet), while driving either one
of the electrothermal converting elements to obtain a droplet
having a smaller discharge amount (a small droplet), thus
changing the amounts of discharges. In this way, without
changing the nozzle density from those conventionally in
use, the amount of discharges can be changed with an
extremely simple structure for the implementation of the
higher gradation and higher 1image quality.

For the recording head that adopts the method 1n which a
plurality of electrothermal converting elements are arranged
for one nozzle, and the driving modes are changed in
accordance with the amount of liquid to be discharged, it 1s
still possible to utilize the conventional apparatus for manu-
facturing the recording heads for the implementation of the
lower cost production.
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However, 1n addition to the demands on still higher
oradation and 1mage quality as described above, there 1s a
demand on the further enhancement of printing speeds of the
ink jet recording method. In order to print at higher speeds,
the electrothermal converting elements should be driven at
higher frequency.

Here, one of the factors that may hinder the higher speed
printing 1s the temperature rise of the head. For an ink jet
recording head, approximately a 30% of given energy 1is

used for discharging ink, but almost the entire remainders
are changed 1nto thermal energy to cause the head tempera-
ture to rise eventually. As a result, the higher the head
driving, the more the head temperature rises. This may cause
the 1nstability of the discharge condition of droplets.

Now, 1n this respect, a method has been proposed 1n which
the thickness of the protection film of the electrothermal
converting element 1s made thinner so that the rise of the
heat temperature 1s suppressed, while it 1s made possible to
improve the foaming efficiency. FIG. 10A 1s a plan view
which 1illustrates the method thus proposed. In FIG. 10A, an
clectrothermal converting element 53 1s arranged 1n the
nozzle 109. Also, FIG. 10B 1s a cross-sectional view which
schematically shows the structure of the electrothermal
converting element, taken along line 10B —10B 1n FIG.
10A. In FIG. 10B, a reference numeral 71 designates a
silicon substrate on which are arranged among some others,
the resistance layer 72 formed by HIB2 or other resistance
material; the AL wiring layer 73; the lower layer 75 of the
protection film formed by PSG or other insulation material;
and the upper layer 76 of the protection film formed by S10,
or other 1nsulation material. Only the portion of the elec-
trothermal converting element of the lower layer 75 of the
protection film 1s removed by means of etching so as to
make the protection layer thinner by 0.6 um corresponding
to the thickness of the lower layer 75 of the protection film.
In this way, the heat transferability becomes better so as to
enhance the foaming efficiency. With the structure described
above, the amount of energy that changes into heat 1s
absorbed by the protection film, thus suppressing the tem-
perature rise of the recording head.

Meanwhile, the major factor other than the thermal char-
acteristics 1s the time required for refilling liquid from the
rear end of the nozzle 1n an amount equivalent to the liquid
droplet that has been discharged from the discharge port.
Particularly, for the head capable of modulating discharge
amounts, which 1s structured with two electrothermal con-
verting elements 1n one nozzle, 1t 1s an 1mportant key to the
attainment of the higher printing that the refilling time of the
larger droplet should be made shorter rather than dealing
with that of the smaller droplet. In consideration of the
variation of discharge amounts, 1t 1s desirable to make the
amount of the smaller droplet as smaller as possible with
respect to that of the larger droplet in practical use (for
example, a smaller droplet 1s 10 to 15 pl against a larger
droplet of 40 pl) for the purpose of improving the gradation.
Naturally, therefore, the amount of liquid that should be
refilled 1s smaller for the smaller droplet as compared with
the case where the amount equivalent to the larger droplet

should be refilled.

Now, the mnventors hereof have given attention to the
positions of the two electrothermal converting elements
which are arranged centering on the foaming of the larger
droplets, and then, devised the invention taken out herein so
as to attempt shorting the refilling time, while maintaining,
the freedom of nozzle designs to make the conventional
nozzle manufacturing apparatus still applicable to the manu-
facture of new heads.
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SUMMARY OF THE INVENTION

In other words, on the premise that the recording head 1s
arranged to modulate discharge amounts with the provision
of two electrothermal converting elements 1n one nozzle as
described above, the present 1nvention 1s designed to aim at
the provision of a recording head capable of presenting
higher 1mage quality and higher gradation at higher speeds
by making the refilling time of larger droplets shorter, as
well as to aum at the provision of a recording apparatus using,

such head.

The 1nk jet recording head of the present invention
comprises a discharge port for discharging ink; two electro-
thermal converting elements for generating thermal energy
utilized for discharging the ink; and an ik flow path
provided with the two electrothermal converting elements,
at the same time, being conductively connected with the
discharge port, and this head has a first discharge mode for
discharging liquid droplets from the discharge port when the
clectrothermal converting element on the side nearer to the
discharge port, of the two electrothermal converting
clements, receives driving signals to generate the thermal
energy, and also, a second discharge mode for discharging
liquid droplets from the discharge port in the larger dis-
charge amount than that of the first mode when both of the
two electrothermal converting elements receive driving sig-
nals to generate the thermal energy. Then, of the two
clectrothermal converting elements, the length of the elec-
trothermal converting element on the side farther away from
the discharge port 1n the ink discharge direction 1s made
shorter than that of the other electrothermal converting
clement.

In other words, with the structure arranged as above in
accordance with the present invention, the foaming center of
the larger droplet (the gravitational position of the two
clectrothermal converting elements that may function as one
electrothermal converting element) is positioned further
backward from the central portion of the two electrothermal
converting elements arranged to be functional as 1f one large
electrothermal converting element (on the upstream side in
the ink supply direction). As a result, the foaming center is
allowed to shift further backward (to the side opposite to the
orifice), hence reducing the flow resistance on the rear side
of the foaming center to make 1t easier for 1ink to be refilled
from the rear end of the nozzle. The refilling time 1s then
made shorter.

Only with the structure described above, the present
invention 1s able to solve the problems, which is the objec-
fives of the 1nvention, and to materialize recording in higher
oradation and higher 1mage quality at higher speeds. Here,
it 1s also desirable to arrange the minimum applicable
voltages required for the two electrothermal converting
clements to be substantially equal for discharging ink for the
reasons given below. In other words, although the minimum
applicable voltage required for discharge becomes different
in general 1f the length of the electrothermal converting
clement 1s made larger 1n the ink supply direction, 1t is
possible to solve the problems related to the cost increase of
the apparatus main body due to the provision of plural kinds
of application circuits, which naturally brings about more
complicated structure thereof, by preferably arranging the
structure of the present invention so as to make the minimum
applicable voltages substantially equal to the two electro-
thermal converting elements.

Here, specific means for making the minimum applicable
voltages substantially equal 1s such as to arrange “the
thickness of the protection film of the electrothermal con-
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verting element farther away from the orifice to be larger
than that of the other electrothermal converting element”,
“the heat transferability of the protection film of the elec-
trothermal converting element farther away from the orifice
to be lower than that of the other electrothermal converting
clement” or the like.

In this way, it becomes possible to provide the mk jet
recording head whereby to solve the above-mentioned prob-
lems and implement a higher speed printing in higher quality
and higher gradation by making the refilling time shorter for

the head capable of modulating discharge amounts.

Also, the mk jet recording apparatus of the present
invention 1s arranged to comprise an ink jet recording head
provided with a discharge port for discharging ink; two
clectrothermal converting elements for generating thermal
energy utilized for discharging the ink; and an ink flow path
provided with the two electrothermal converting elements,
at the same time, being conductively connected with the
discharge port;

and 1nstallation means for mounting the head. This 1nk jet
recording apparatus has a first discharge mode for discharg-
ing liquid droplets from the discharge port when the elec-
trothermal converting element on the side nearer to the
discharge port, of the two electrothermal converting
clements, receives driving signals to generate the thermal
energy, and a second discharge mode for discharging liquid
droplets from the discharge port mn the larger discharge
amount than that of the first mode when both of the two
clectrothermal converting elements receive driving signals
to generate the thermal energy. Then, of the two electrother-
mal converting elements, the length of the electrothermal
converting element on the side farther away from the
discharge ports 1n the ink discharge direction 1s made shorter
than that of the other electrothermal converting element. In
this manner, the above-mentioned problems are solved,
hence making 1t possible to provide the ink jet recording
apparatus capable of printing at higher speeds 1n higher
image quality and higher gradation.

In this respect, for the present invention, the phrase to the
ciiect that “of the two electrothermal converting elements,
the one on the side nearer to the discharge port” 1s meant to
indicate the electrothermal converting element on the side
nearer to the discharge port side (on the downstream side in
the ink supply direction), that is, of the two electrothermal
converting elements, the one whose rear edge (the farthest
end thereof from the discharge port) is more on the front
side, provided that the discharge port side i1s defined as the
front side 1n the ik supply direction in the ink flow path.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view which shows the circumier-
ence of nozzles of an 1k jet recording head 1n accordance
with a first embodiment of the present invention.

FIGS. 2A, 2B and 2C are views which 1llustrate the ink jet
recording head 1n accordance with the first embodiment of
the present invention; FIG. 2A 1s a detailed view of a nozzle;
FIG. 2B 1s a cross-sectional view of an electrothermal
converting element, taken along line 2B—2B 1n FIG. 2A;
and FIG. 2C 1s a cross-sectional view of an electrothermal
converting element, taken along line 2C—2C 1 FIG. 2A.

FIGS. 3A and 3B are views which 1illustrate the foaming,
state of the 1nk jet recording head 1n accordance with the first
embodiment of the present mmvention; FIG. 3A shows the
foaming state of a smaller droplet; and FIG. 3B shows that
of a larger droplet.

FIGS. 4A, 4B and 4C are views which schematically
illustrate the comparison between the foaming state of larger
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droplet 1n accordance with the first embodiment of the
present invention and that of the comparison example; FIG.
4 A illustrates the foaming state of the first embodiment; FIG.

4B and FIG. 4C 1llustrate that of the comparison example.

FIGS. 5A and 5B are views which illustrate an ink jet
recording head in accordance with a second embodiment of
the present invention; FIG. 5A 1s the detailed view of a
nozzle; and FIG. 5B 1s a cross-sectional view which shows
an electrothermal converting element.

FIG. 6 1s a view which 1llustrates the foaming state of a
large droplet of an 1nk jet recording head 1n accordance with
a second embodiment of the present invention.

FIG. 7A 1s a detailed view which shows the nozzle of an
ink jet recording head 1n accordance with a third embodi-
ment of the present invention, and FIG. 7B 1s a detailed view
which shows the nozzle of an ik jet recording head in
accordance with the comparison example.

FIG. 8 1s a perspective view which shows one example of
the 1nk jet recording apparatus to which the present inven-
tion 1s applicable.

FIG. 9 1s a view which 1llustrates one example of the
equivalent circuit that can drive the ink jet recording head of
the present invention.

FIGS. 10A and 10B are the detailed views of nozzle of the

conventional ink jet recording head; FIG. 10A 1s a plan view

thereof; and FIG. 10B is a cross-sectional view, taken along
line 10B—10B 1in FIG. 10A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, with reference to the accompanying drawings, the
detailed description will be made of the embodiments in
accordance with the present invention. Here, for the
description, the same reference marks are applied to the
parts having the same function in each of the embodiments
ogrven below.

(First Embodiment)

FIG. 1 1s a perspective view which shows the circumfier-
ence of nozzles of an 1nk jet recording head 1 accordance
with a first embodiment of the present mvention. This
structure 1s called the edge shooter type where the electro-
thermal converting elements 53 and 54 are heated to cause
ink to foam 1n the discharge nozzle 109, and then, mk 1is
dischareged from the orifice 40 which 1s open 1n the side
direction.

Each of the electrothermal converting elements 1s con-
nected with the common wiring (not shown) underneath the
interlayer msulation film of the lower layer by way of the
through hole 2. Then, voltage 1s applied to it by way of this
common wiring. The wires provided for the electrothermal
converting elements 53 and 54 are connected, respectively,
with the switching transistors (not shown) which reside
underneath the mterlayer insulation film of the lower layer.
Also, signal wires are connected with the transistors and the
shift registers shown 1 FIG. 8 1n order to make the on-off
control of the transistors.

Also, the substrate 23 1s bonded to the base plate 41, and
the nozzle walls 5 are arranged for the ceiling plate 101. The
end portion of the nozzle formed by the nozzle walls and the
substrate on the upstream side (the end portion opposite to
the discharge port side) is arranged to be a common liquid
chamber. Liquid 1s supplied to this common liquid chamber
by ink supply means (an ink tank or the like), which is not
shown.

FIGS. 2A to 2C are views which illustrate the ink jet

recording head 1n accordance with the first embodiment of
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the present invention; FIG. 2A 1s a detailed view of a nozzle;
FIG. 2B 1s a cross-sectional view of an electrothermal
converting element, taken along line 2B—2B 1n FIG. 2A;
and FIG. 2C 1s a cross-sectional view of an electrothermal
converting element, taken along line 2C—2C 1n FIG. 2A. In
FIG. 2A, two electrothermal converting elements, that 1s, an
clectrothermal converting element 53 and an electrothermal
converting element 54, are arranged 1n the discharge nozzle
109. Here, a reference numeral 110 designates the rear end
of the nozzle 109, and the length L of the nozzle 1s 300 um.
At the leading end of the nozzle 109, the orifice 40 1s
arranged.

Also, 1n FIG. 2A, the length H1 of the electrothermal
converting element 53 1s 120 um. The length H2 of the
clectrothermal converting element 54 1s 90 um. Then, given
the distances from the rear end of the orifice 40 to the
clectrothermal converting elements 53 and 54 as E1 and E2,
respectively, E1=80 um and E2=150 um 1n accordance with
the present embodiment. In this manner, the recording head
of the present mvention 1s such that the length H2 of the
clectrothermal converting element 54 of the two, which 1s
farther away from the discharge port in the ink discharge
direction, 1s shorter than the length H1 of the electrothermal
converting element 53, which 1s nearer to the discharge port
in the 1k discharge direction.

At first, with reference to the schematic views shown 1n
FIGS. 3A and 3B, the description will be made briefly of the
ogradation control by use of the head described above. In this
respect, the composition of ink used for each of the embodi-
ments given below 1s as follows; however, the present
invention 1s not necessarily limited to the use of this ink for
obtaining 1its effects:

Water 82.8%
Glycerol 5.0%
Ethylene glycol 5.0%
Urea 5.0%
Dye (direct black 195) 2.2%

In FIG. 3A, the discharge nozzle 109, which 1s surrounded
by the nozzle walls 5, 1s filled with ink. The electrothermal
converting element 533 and the electrothermal converting
clement 54 are arranged in the nozzle 109. Here, when
driving signal 1s given to the electrothermal converting
clement 53 to heat it, pressure 1s exerted by the foamed
bubble 113 as shown in FIG. 3A. Then, a small liquid droplet
(smaller drop) 114 is discharged from the orifice 40. In this
case, the discharge amount 1s approximately 30 ng, and the
discharge speed 1s 12 m/s. FIG. 3B shows the state that both
of the electrothermal converting elements 53 and 54 are
heated together to discharge a large liquid droplet (larger
drop) 113. When the electrothermal converting element 53 is
heated, the foamed bubble 113 1s created. Then, when the
clectrothermal converting element 54 1s heated, the foamed
bubble 112 1s created. Thus, by means of these two foaming,
the larger droplet 115 1s discharged. In this case, the dis-
charge amount 1s 80 ng, and the discharge speed 1s 16 m/s.
In this manner, the recording head of the present mnvention
makes 1t possible to enhance the gradation by making the
amount of the smaller droplet 1s as small as possible against
that of the larger droplet (more specifically, the amount of
larger droplet/the amount of smaller droplet=2). In accor-
dance with the present embodiment, the area ratio of the two
heaters are almost 1:1.

On the observation of the foaming that may enable a
larger droplet of the kind to be discharged, the center of the
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foaming should be positioned on the center of gravity of the
clectrothermal converting element. Here, 1n this particular
case, the two celectrothermal converting eclements are
assumed to function as one electrothermal device for con-
venience’ sake. Therefore, the distance C2 from the rear
edge of the electrothermal converting element 54, which 1s
farther away from the discharge port, to the foaming center
of the larger droplet becomes shorter than the distance C1
which 1s from the rear edge of the electrothermal converting,
clement 54, which 1s farther away from the discharge port,
to the center between the front edge of the electrothermal
converting element 53, which 1s nearer to the discharge port,
and the rear edge of the electrothermal converting element
54, which 1s farther away from the discharge port. In other
words, the foaming center can be moved further backward
(to the side opposite to the orifice) in this particular case.

Now, by use of the comparison example, the description
will be made of the foaming center of the larger droplet, in
which the present invention 1s characterized. FIGS. 4A to 4C
arec views which schematically illustrate the comparison
between the foaming state of larger droplet 1n accordance
with the first embodiment of the present invention and that
of the comparison example; FIG. 4A 1llustrates the foaming
state of the first embodiment; FIG. 4B and FIG. 4C illustrate
that of the comparison example.

The area of the electrothermal converting element 53
shown 1n FIGS. 4A to 4C 1s all the same, and the length
thereof 1s H1. Also, the distance from the front edge of the
electrothermal converting element 53 (discharge port side)
to the discharge port (at E1 in FIG. 2A), and the nozzle
length (at L in FIG. 2A) are all the same for each of the
recording heads shown 1n FIGS. 4A to 4C.

When the electrothermal converting elements 54 and 53
in the discharge nozzle 54 of the head shown 1n FIG. 4A are
heated by applying driving signals to each of them, the
foamed bubbles 112 and 113 are created. In this case, the
distance CR1 between the foaming center of the foamed
bubble of the larger droplet and the rear edge of the nozzle
110 becomes approximately 130 um. The refilling time 1s
approximately 83 usec. This 1s equivalent to approximately
12 kHz it 1t 1s converted 1nto the driving frequency. Then, the
distance 11 between the rear edge 59 of the electrothermal
converting element 54 and the end portion of the common
liquid chamber of the nozzle 1s 60 um.

In contrast, the comparison example 1 shown 1n FIG. 4B
1s arranged so that against the first embodiment of the
present mvention, the length of the electrothermal convert-
ing clement 54, which 1s father away from the discharge
port, 1s made equal to the length of the electrothermal
converting element 53, while keeping 1ts area as 1t 1s, and at
the same time, the distance (at E2 in FIG. 2A) from the front
edge (discharge port side) of the electrothermal converting
clement 54 to the discharge port 1s shortened so as to make
the distance 11 between the rear edge 59 of the electrother-
mal converting element 54 and the end portion of the
common liquid chamber of the nozzle equal to that of the
first embodiment.

When driving signals are applied to the electrothermal
converting elements 53 and 54 1n the nozzle 109 of the head
of the comparison example 1 to create the foamed bubbles
113 and 114, the foaming center of the combined droplet 1s
on the center between the front edge of the electrothermal
converting element 52, which 1s nearer to the discharge port,
and the rear edge of the electrothermal converting element
54, which 1s farther away from the discharge port, because
the lengths and widths of the electrothermal converting
elements 53 and 54 are the same. Then, as described above,
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the distance CR2 between the foaming center of the foamed
bubble of the large droplet and the rear edge 110 of the
nozzle 109 becomes approximately 140 um. As a result, the
refilling time 1s 100 usec, which 1s 10 kHz as converted into
the driving frequency.

The printing characteristics of the two heads representing
the first embodiment and the comparison example 1 are
examined by changing the driving frequencies. Then, the
following results are obtained:

Driving Frequency

(kHz) Embodiment 1 Comparison Example 1
4 good good
0 good good
8 good good
10 good almost good
12 almost good conspicuous satellite

As clear from this table, up to approximately 10 kHz, the
head of the comparison example 1 shows almost the normal
result of printing, but at 12 kHz, the satellite becomes
conspicuous. The satellite 1s created if the ink refilling 1s not
made 1n time. In other words, since the next foaming takes
place before the meniscus surface of ink has returned to the
initial static state, such discharge presents its exploded
condition slightly, thus droplet being caused to 1impact on a
medium 1n wrregular condition. The quality of prints 1s
degraded eventually. In contrast, the head of the present
invention can execute its refilling 1n time, producing a good
printing result. With the head of the present invention, it also
becomes possible to implement the higher gradation and
higher 1mage quality at still higher speeds simultaneously.

On the other hand, the comparison example 2 shown 1n
FIG. 4C 1s arranged 1n such a manner that against the first
embodiment of the present invention, the length of the
clectrothermal converting element 54, which 1s father away
from the discharge port, 1s made equal to that of the
clectrothermal converting element 53, while 1ts area 1s left
intact, and at the same time, the distance 12 between the rear
edge 59 of the electrothermal converting element 54 and the
end portion of the nozzle on the common liquid chamber
side 1s to be 40 um, which 1s shorter than the distance 11.

When driving signals are applied to the electrothermal
converting elements 53 and 54 1n the nozzle 109 of the head
of the comparison example 2 to create the foamed bubbles
113 and 114, the foaming center of the combined droplet 1s
on the center between the front edge of the electrothermal
converting element 52, which 1s nearer to the discharge port,
and the rear edge of the electrothermal converting element
54, which 1s farther away from the discharge port as in the
case of the comparison example 1. Then, as described above,
the distance CR2 between the foaming center of the foamed
bubble of the larger droplet and the rear edge 110 of the
nozzle 109 1s made equal.

Then, printing characteristics of the first embodiment and
the comparison example 2 are examined by changing the
driving frequencies. The following results are obtained:

Driving Frequency

(kHz) Embodiment 1 Comparison Example 2
4 good good
6 good good
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-continued

Driving Frequency

(kHz) Embodiment 1 Comparison Example 2
8 good discharge slightly
disabled
10 good discharge slightly
disabled
12 almost good a number of disabled
discharges

For the comparison example 2, the distance between the
rear edge of the nozzle and the foaming center 1s the same
as that of the embodiment 1. However, as the driving
frequency becomes higher, the nozzles having disabled
discharges begin to take place, and at 12 kHz, a number of
disabled discharges are noticed. This 1s because the distance
12 1s shorter than the distance 11 of the embodiment 1 so that
the bubble created by the electrothermal converting element

54 1s caused to reside beyond the rear edge of the nozzle
when foamed bubble 1tself becomes larger due to the tem-
perature rise of the head along with the increased driving,
frequency. This condition brings about a significantly
delayed refilling. Then, it 1s conceivable that if the electro-
thermal converting element 1s energized for the next foam-
ing 1n such condition, the disabled discharges may be caused
eventually.

On the other hand, 1n accordance with the head of the
present invention, the foaming center of the larger droplet 1s
made shiftable to the common liquid chamber side (the side
father away from the discharge port) when the larger droplet
1s discharged, while keeping a specific gap so that the bubble
created by the electrothermal converting element, which 1s
farther away from the discharge port, 1s not allowed to reside
beyond the rear edge of the nozzle. In this way, the refilling,
fime 1s made shorter, and with the stabilized discharges, the
higher gradation and higher image quality can be obtained at
the same time.

Now, with the recording head of the present invention, it
1s possible to obtain the higher gradation and higher image
quality at higher speeds. In general, however, the minimum
applicable voltage required for discharges 1s made different
if the length of the electrothermal converting element 1is
made larger 1n the direction of 1nk supply. It 1s then required
for the recording apparatus to provide plural kinds of
printing circuits, and the apparatus itself should become
complicated to that extent inevitably.

Therefore, the recording head of the present 1nvention 1s
particularly arranged to enable the minimum applicable
voltage to be set 1n accordance with the foaming require-
ment. Now, with reference to FIGS. 2B and 2C, such
structural arrangement will be described.

FIG. 2B 1s a cross-sectional view of an electrothermal
converting element, taken along line 2B—2B 1n FIG. 2A.
FIG. 2C 1s a cross-sectional view of the electrothermal
converting element, taken along line 2C—2C m FIG. 2A. A
reference numeral 71 1n FIG. 2B designates the silicon
substrate having the heat accumulation layer formed
thereon. There are formed on 1t, the resistance layer 72
formed by resistance material such as HfB.,, the wiring layer
73 formed by AL, and the protection film layer 74 formed by
S10, or some other insulation material (in a thickness of 1.3
um), among some others. Areference numeral 71 in FIG. 2C
designates the silicon substrate having the heat accumulation
layer formed thereon. There are formed on it, the resistance
layer 72 formed by resistance material such as HIB,, the
wiring layer 73 formed by AL, and the protection film lower
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layer 75 formed by PSG or some other insulation material
(in a thickness of 0.6 um), and the protection film upper
layer 76 formed by S10, or some other msulation material
(in a thickness of 0.7 ym), among some others. The thin film
formation 1s made 1n the corresponding step of manufacture
only on the portion of the electrothermal converting ele-
ments by etching only such portion subsequent to having
patterned the lower layer 75 of the protection film.

Then, 1n accordance with the first embodiment, the thick-
ness of the protection film of the electrothermal converting
clement 54, which 1s father away from the orifice, 1s made
larger than that of the other electrothermal converting ele-

ment 53. In this manner, the efficiency of thermal energy
transfer to 1nk becomes better for the electrothermal con-

verting element 533 having the thinner protection film than
the other electrothermal converting element 54. Thus, unlike
the case where the thickness of the protection film 1s the
same as that of the electrothermal converting element 54, 1t
becomes possible to effectuate foaming at a lower voltage.
Theretfore, by selecting the thickness of the film appropri-
ately 1 accordance with the difference in the length, the
minimum applicable voltage 1s arranged to meet the foaming
requirement. Thus, 1t 1s possible to solve the problems
related to the cost increase, and the complicated structure of
the apparatus main body due to the provision of plural kinds
of circuits for voltage application.

Here, the electrothermal converting element 54 1s driven
only when the larger droplet 1s discharged, but the electro-
thermal converting element 53 1s driven for discharging both
the smaller and larger droplets. In accordance with the
present mvention, no protection film 1s provided for the
clectrothermal converting element 54. However, since the
clectrothermal converting element 54 i1s not used in very
high frequency, there 1s no particular problem resulting from

the temperature rise 1n its practical use.
(Second Embodiment)

Now, 1n conjunction with FIGS. SA and 5B, and FIG. 6,
the description will be made of a second embodiment of the
present 1nvention.

For the first embodiment described above, the thickness
of the protection film 1s changed to make the length of the
clectrothermal converting element shorter, thereby to
shorten the refilling time. After having studied and exercised
utmost efforts, however, the inventors hereof have found that
it 1s possible to make the length of the electrothermal
converting element shorter, and then, to shorten the refilling
fime by changing the heat transferability of the protection
f1lm depending on the electrothermal converting elements.

In FIG. 5A, two electrothermal converting elements 535
and 56 are arranged in the nozzle 109. Here, a reference
numeral 110 designates the rear edge of the nozzle 109. The
length L of the nozzle 1s 300 um. At the leading end of the
nozzle, the orifice 40 1s arranged. Also, FIG. 5B 1s a
cross-sectional view taken along line SB—3B 1n FIG. 5A, in
which a reference numeral 71 designates the silicon sub-
strate having the heat accumulation layer formed thereon.
There are arranged on 1t, the resistance layer 72 formed by
HiB, or some other resistance material; the wiring layer 73
formed by Al, and the protection film layer 77 formed by
S10, or some other insulation material having high heat
transferability, among some others.

In accordance with the present embodiment, the length
H3 of the electrothermal converting element 55 1s 120 um.
The length H4 of the electrothermal converting element 56
1s 80 um. Also, given the distances from the rear edge of the
orifice 40 to the electrothermal converting elements 55 and
56 as E3 and EA4, respectively, E3=80 um, and E4=160 um

in accordance with the present embodiment.
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Here, also, the heat transterability of the protection film of
the electrothermal converting element 56 1s made lower than
that of the electrothermal converting element 55 1n order to
arrange the minimum applicable voltage to meet the foam-
ing requirement. Therefore, the electrothermal converting
clement 56 has the lower efficiency of transferring heat to
ink as compared with the case where it may use the same
protection film as the one used for the electrothermal con-
verting element 55, and a higher voltage 1s needed for this
clectrothermal converting element accordingly. Then, by
selecting an appropriate thickness depending on the ditfer-
ence 1n lengths for the arrangement of the minimum appli-
cable voltage to meet the foaming requirement, 1t becomes
possible to solve the problems related to the cost 1ncrease,
and the complicated structure of the apparatus main body
due to the provision of plural kinds of circuits for voltage
application.

Here, for the present embodiment, the use frequency of
the electrothermal converting element 355 1s lower than that
of the electrothermal converting element 56, and the mate-
rial having the lower heat transferability 1s used for it as in
the first embodiment. Thus, there 1s no problem related to the
temperature rise of the head 1n 1ts practical use.

FIG. 6 shows the foaming state of the large droplet being,
discharged under such structure as described above. When
driving signals are applied to the electrothermal converting
clements 56 and 55 to cause them to be heated, foamed
bubbles 115 and 113 are created. The distance CR3 between

the rear edge of the nozzle 109 to the center of foamed
bubbles 115 and 113 1s 120 um. The refilling time 1s
apprommately 77 psec. Now, with the driving at 13 kHz,
there 1s no problem of disabled discharges caused by the
bubble of the electrothermal converting element 56 having,
been allowed to reside beyond the common liquid chamber
side. Then, it 1s confirmed that the stabilized discharges are
obtainable. Conceivably, this i1s because the distance
between the rear edge of the electrothermal converting,
clement, which 1s farther away from the discharge port, and
the end portion of the nozzle on the common liquid chamber
side 1s long enough as 1n the first embodiment.

(Third Embodiment)

Now, 1n conjunction with FIGS. 7A and 7B, the descrip-
tion will be made of a third embodiment in accordance with
the present invention.

In accordance with the first and second embodiments
described above, the electrothermal converting elements are
arranged 1n parallel 1n the discharge direction. For the
present embodiment, however, the devices are arranged in
serics. This 1s the aspect which differs from the previous
embodiments. When the electrothermal converting elements
are arranged 1n parallel, there 1s automatically a limit as to
the density 1n which the nozzles can be arranged. As one of
the methods for making the nozzle density higher, the
clectrothermal converting elements are arranged 1n series. It
1s still possible to shorten the refilling time also by making
the length shorter 1n this particular arrangement for the
clectrothermal converting element, which i1s father away
from the orifice.

FIG. 7A 15 a detailed view which shows the nozzle of an
ink jet recording head 1n accordance with the third embodi-
ment of the present mnvention. FIG. 7B 1s a detailed view
which shows the nozzle of an ink jet recording of the
comparison example.

In FIG. 7A, two electrothermal converting elements 57
and 58 are arranged in the nozzle 109. Here, a reference
numeral 110 designates the rear edge of the nozzle 109. The
length L of the nozzle 1s 300 um. At the leading end of the
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nozzle 109, the orifice 40 1s arranged. In FIG. 7A, the length
HS of the electrothermal converting element 57 1s 100 um.
The length H6 of the electrothermal converting element 58
1s 60 um. In this case, the distance CR5 between the foaming
center of the larger droplet and the rear edge of the nozzle
1s approximately 130 um.

In contrast, the comparison example 3 1s prepared 1n such
a manner that while the lengths of the electrothermal con-

verting elements are arranged to be the same as those of the
devices 58 and 57, and also, the distance between the rear

cdge of the electrothermal converting element 538 and the
end portion of the nozzle on the common liquid chamber
side 1s arranged to be the same as that of the third embodi-
ment without changing the positional relationship of the
clectrothermal converting element 57 on the discharge port
side. As a result, the discharge CR4 between the foaming
center of the larger droplet and the rear end of the nozzle
becomes larger than the distance CR5. Also, the length L1
of the nozzle becomes longer than the length L. Then, the
printing examination 1s conducted as 1n the first embodiment
described earlier, with the result that although both of them
demonstrate good printing 1n the range of the lower driving
frequency, the comparison example 3 shows conspicuous
satellite 1n the high frequency driving range. The third
embodiment still shows good printing results 1n such high
frequency range.

As described above, 1t becomes possible for the present
embodiment to print at higher speeds by making the refilling
time shorter.

Here, 1n accordance with the present embodiment, either
methods, which have been described for the first and second
embodiments, are applicable to the arrangement of the
minimum applicable voltage for each of the electrothermal
converting elements. Also, 1t may be possible to combine
them for the application. These arrangements may also be
applicable to each of the previous embodiments.

Now, the embodiments of the principal parts of the
present 1mvention have been described. Hereunder, the
description will be made of the other examples to which the
present mvention 1s applicable. In this respect, unless oth-
erwise stated, each of the application examples given below
1s adoptable for any one of the embodiments of the present
invention.

At first, the supplemental description will be made of the
arcas of the two electrothermal converting elements.

For each of the embodiments described above, the areas
of the two electrothermal converting elements are substan-
tially the same. However, 1n order to shift the foaming center
of the larger droplet to the rear side of the center of the two
clectrothermal converting elements, it 1s desirable to arrange
the area of the electrothermal converting element on the side
farther away from the discharge port to be equal to or larger
than that of the electrothermal converting element which 1s
nearer to the discharge port. This 1s because when the
oradation recording 1s performed by the smaller and larger
droplets discharged by the two electrothermal converting
clements, this arrangement may contribute to the enhance-
ment of the actual gradation that requires the considerations
of various aspects including the variation of discharges. This
arrangement 1s also preferable particularly from the view-
point of the higher gradation. In this respect, if the areas of
the two electrothermal converting elements are the same, the
foaming center of the larger droplet 1s on the middle point
of the line segment that connects the respective gravities of
the electrothermal converting elements themselves.

Now, the description will be made of a case where the
recording head of the present invention 1s mounted on the
conventional ink jet recording apparatus.
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Depending on the design conditions, the recording head
of the present invention does not demonstrate the recording
characteristics genuine to 1t when it 1s mounted on the 1nk jet
recording apparatus used for the convention recording head

(where the gradation recording is not performed by use of 5

the larger and smaller droplets), but it is still possible to
perform recording by discharging larger droplets, and attain
the same performance as the conventional recording head.

In this case, the new ink jet recording head should
maintain the compatibility with the conventional recording
head. Therefore, the new 1nk jet recording head 1s not
allowed to dissipate electricity more than the conventional
one. However, when one electrothermal converting element
1s divided 1nto two, 1t becomes difficult to discharge droplet
in the same size as it 1s discharged from one electrothermal
converting element unless the combined area of the devices
thus divided 1s made larger than the area of one device,
because all the area of each of the electrothermal converting,
clements does not necessarily contribute to the foaming
itself enfirely. As a result, when two electrothermal convert-
ing elements are used, the power dissipation becomes
oreater eventually due to the arrangement needed to set the
arcas of the devices thus divided so as to make the amount
of discharges equal to the one discharged from one electro-
thermal converting element. At the same time, depending on
the arrangement of electrothermal converting elements, it
becomes 1nevitable 1n some cases that these devices should
be arranged 1n the positions which are not suitable for the
performance of higher recording such as in the case of the
comparison examples.

Now, however, with the application of the present
invention, 1t becomes possible to provide a recording head
capable of printing at higher speeds with the same power
dissipation as the conventional one. In this case, 1n accor-
dance with the nozzle configuration to be adopted and the
like, the positions of the foaming center and electrothermal
converting elements are set appropriately to implement the
complete compatibility with the conventional head if the
head of the present invention should be mounted on the
conventional recording apparatus. At the same ftime, 1t
becomes possible to 1mplement the higher gradation and
higher 1mage quality at higher speeds if the head of the
present mvention 1s mounted on a recording apparatus that
may preferably enable it to demonstrate 1ts genuine perfor-
mance.

In this way, the compatibility can be maintained anyway
with the conventional recording heads. As a result, a large
demand 1s anticipated for the new recording heads to make
it possible to manufacture them on a large scale production.
Then, it becomes possible to manufacture them at the
production costs which can be reduced more than the costs
that may be lowered just by a partial utilization of the
manufacturing system currently in use, hence providing the
new products at costs lower still.

Now, the description will be made of one example of the
equivalent circuit capable of driving any one of the record-
ing heads described 1n the above embodiments.

FIG. 8 1illustrates one example of the equivalent circuit
whereby to drive the ink jet recording head of the present
invention. FIG. 8 shows the details of the shift register latch
circuits 19 and 20 as described earlier. To the shift register
36, the CLK signal line 37 and the serial data line 35 are
inputted, and the serial data are developed into the shaft
register 36 by clock signals. The data thus inputted into the
shift register 36 arc held 1n the latch 33 by the latch signals
from the latch signal line 34. Then, the enable signal 32 is
connected with the AND gate 31 to input printing timing at

10

15

20

25

30

35

40

45

50

55

60

65

14

which to apply the data on the latch 33 to the transistor 11.
There are two enable signals 32 so that the discharge heaters
22a and 22bcan be driven at a time or at a deferred timing.
It 1s possible to select the printing only by the discharge
heater 22a or by both discharge heaters 22a and 225 with the
actual selection of the discharges of the smaller droplet and
the larger droplet by switching the aforesaid two enable
signal lines.

Lastly, the description will be made of one example of the
recording apparatus capable of mounting any one of the
recording heads described 1n the respective embodiments.

FIG. 9 shows one example of the external appearance of
an 1k jet recording apparatus which mounts the ink jet
recording head of the present invention. This ink jet record-
ing apparatus IJRA 1s provided with a lead screw 2040
interlocked with the regular and reverse rotation of a driving
motor 2010, which rotates through the driving power trans-
mission gears 2020 and 2030. The ink jet recording head of
the present invention and an ink tank are integrally formed
as an 1nk jet cartridge IJC. This cartridge 1s mounted on the
carrtage HC which 1s supported by the carriage shaft 2050
and the lead screw 2040. With the pin (not shown) of the
carriage that fits into the spiral groove 2041 of the lead screw
2040, the carriage reciprocates 1n the directions indicated by
arrows a and b along with the rotation of the lead screw
2040.

Here, when the 1nk jet recording head 1s mounted on the
ink jet recording apparatus, the electric connection 1s made
between them by means of an electric connector (not
shown). Then, it is arranged that the recording head receives
clectric signals for foaming by the application of thermal
energy from electric signal supply means (not shown) pro-
vided for the recording apparatus.

A reference numeral 2060 designates a paper pressure
plate, which presses the paper sheet P to the platen roller 207
that forms recording medium carrier means 1n the direction
in which the carriage moves; 2080 and 2090, a photocoupler,
which operates as home position detecting means for switch-
ing over the rotational directions of the motor 2010 when
this means senses the present of the lever 2100 of the
carrtage HC 1n this zone.

A reference numeral 2110 1s a member that caps the entire
surface of the recording head, which 1s supported by the
supporting member 2120, and 2130, means for absorbing the
interior of the cap to execute the suction recovery of the
recording head through the aperture provided for the interior
of the cap. The cleaning blade 2140 that cleans the end face
of the recording head 1s provided for the member 2150 that
moves forward and backward. This member 1s supported on
the main body supporting plate 2160. The blade 2140 1s not
necessarilly limited to this configuration. It 1s needless to
mention that any one of the known cleaning blades 1is
applicable to this example.

Also, a reference numeral 2170 designates the lever which
1s used for recovering suction of the suction recovery, and
which 1s movable along with the movement of the cam 2180
that engages with the carrtage HC. With the movement of
this lever, the driving power from the driving motor 2010 1s
controlled by known means of transmission, such as clutch
switching. The structure 1s arranged so that each operation of
these capping, cleaning, and suction recovery 1s performed
as desired in the corresponding positions by the function of
the lead screw 2040 when the carrtage HC comes to the
region on 1ts home position side. To this example, any one
of them 1s applicable if only the desired operation is
arranged to be executable at known timing.

As described above, 1n accordance with the recording
head of the present invention, the foaming center of the
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larger droplet (the gravitational position when the two
clectrothermal converting elements are made functional as
one electrothermal converting element) can be positioned
backward (on the upstream side in the ink supply direction)
from the central portion of the electrothermal converting
clement when the two electrothermal converting elements
arec made to be functional as one large electrothermal con-
verting element. Therefore, the foaming center can shift
further backward (the side opposite to the orifice) to reduce
the flow resistance on the rear side of the foaming center,
hence making it easier to refill ink from the rear end portion
of the nozzle, and to make the refilling time shorter accord-
ingly. As a result, 1t 1s possible to 1mplement the higher
oradation and higher image quality at higher speeds.

Further, the recording head of the present invention can be
manufactured by utilizing the conventional recording head
manufacturing apparatus in order to implement the manu-
facture at lower costs. In addition, it 1s easy for the recording
head of the present invention to maintain 1ts compatibility
with the conventional recording head. With the arrangement
of the compatibility, a larger demand on the recording heads
of the present invention 1s anticipated to make 1t possible to
manufacture them on a large scale production, which con-
tributes to the further reduction of production costs, thus
providing the products at lower costs accordingly.

What 1s claimed 1s:

1. An ink jet recording head comprising;:

a discharge port for discharging ink;

two electrothermal converting elements for generating
thermal energy utilized for discharging said ink; and

an 1nk flow path provided with said two electrothermal
converting elements, at a same time, being conduc-
tively connected with said discharge port,
wherein said 1nk jet recording head has a first discharge
mode for discharging liquid droplets from said dis-
charge port when the electrothermal converting ele-
ment on a side nearer to the discharge port, of said
two electrothermal converting elements, receives
driving signals to generate said thermal energy, a
second discharge mode for discharging liquid drop-
lets from said discharge port in a larger discharge
amount than that of said first mode when both of said
two electrothermal converting elements receive driv-
ing signals to generate said thermal energy, and
wherein of said two electrothermal converting
clements, a length of said electrothermal converting,
clement on a side farther away from said discharge
port 1n an 1nk discharge direction 1s shorter than that
of the other electrothermal converting element.
2. An 1nk jet recording head according to claim 1, wherein
a mimmmum applicable voltages required for said two elec-
trothermal converting elements to discharge said ink are
substantially equal.
3. An ink jet recording head according to claim 2, wherein
a thickness of a protection film of said electrothermal
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converting element farther away from the orifice 1s larger
than that of the other electrothermal converting element.

4. An 1nk jet recording head according to claim 2, wherein
a heat transferability of a protection film of said electrother-
mal converting element farther away from the orifice is
lower than that of the other electrothermal converting ele-
ment.

5. An1nk jet recording head according to claim 1, wherein
the area of said electrothermal converting element farther
away from said discharge port 1s larger than the area of the
other electrothermal converting element.

6. An 1nk jet recording head according to claim 1, wherein
said two electrothermal converting elements are arranged 1n
parallel 1n said 1nk flow path with respect to the ink
discharge direction.

7. An 1nk jet recording head according to claim 1, wherein
said two electrothermal converting elements are arranged 1n
series 1n said ik flow path with respect to the ink discharge
direction.

8. An 1nk jet recording apparatus comprising:

an 1nk jet recording head provided with a discharge port
for discharging 1nk; two electrothermal converting ele-
ments for generating thermal energy utilized for dis-
charging said ink; and an ink flow path provided with
said two electrothermal converting elements, at a same
time, being conductively connected with said discharge
port; and

installation means for mounting said head,

wherein said ink jet recording apparatus has a first

discharge mode for discharging liquid droplets from

said discharge port when the electrothermal convert-

ing element on a side nearer to the discharge port, of

said two electrothermal converting elements,

receives driving signals to generate said thermal

energy, and a second discharge mode for discharging

liquid droplets from said discharge port 1in a larger

discharge amount than that of said first mode when

both of said two electrothermal converting elements

receive driving signals to generate said thermal
energy, and

wherein of said two electrothermal converting

clements, a length of said electrothermal converting

clement on a side farther away from said discharge

ports 1n an 1nk discharge direction being shorter than

that of an other electrothermal converting element.

9. An 1k jet recording apparatus according to claim 8,

wherein the minimum applicable voltages required for said

two electrothermal converting elements to discharge ink are

substantially equal, and at the same time, means for supply

clectric signals 1s provided for generating said thermal

energy.
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